We report a case of alobar holoprosencephaly (HPE) and cebocephaly associated with uncontrolled maternal type 1 (insulin-dependent) diabetes mellitus. Alobar HPE is the most severe form of HPE. Patients with cebocephaly have ocular hypotelorism and a proboscis with a single, blindended nostril. Shortly after our patient was born, we were consulted for airway management, as the parents' goal was to bring their child home. A tracheostomy tube was placed, and choanal atresia repair was eventually performed. The infant was never decannulated, however, and she died at the age of 9 months of acute respiratory distress syndrome secondary to an upper respiratory infection. To the best of our knowledge, this case represents the longest reported survival of an infant with alobar HPE and cebocephaly. Decisions regarding the care of these infants should be made in a collaborative, multidisciplinary fashion, with special attention paid to the primary caregivers' goals of care.
Introduction
Holoprosencephaly (HPE) occurs as a result of a failure of cleavage, septation, or differentiation of the prosencephalon, which is the portion of the embryonic brain that later differentiates into the cerebrum, basal ganglia, and thalamic structure. HPE has been classified into three types: lobar, semilobar, and alobar; the latter represents the most severe malformation. 1 Alobar HPE is character-ized by a small single forebrain ventricle and by absences of interhemispheric division, olfactory bulbs and tracts, corpus callosum, and deep gray nuclei separation. 1 The incidence of HPE is 1 in 16,000 live births. 1 It is often accompanied by midline facial abnormalities, with the mildest being a midline maxillary incisor and the most severe being anophthalmia. 2 Cebocephaly represents the combination of hypotelorism and a blindended single nostril. 3 Maternal type 1 (insulin-dependent) diabetes mellitus is a well-recognized environmental risk factor for HPE, and it is associated with a 1 to 2% incidence of HPE. 4, 5 Other well-defined risk factors are maternal consumption of alcohol and retinoic acid during early pregnancy; the risk associated with alcohol consumption is increased with smoking tobacco products. 1, 5 Associated genetic etiologies include CHARGE association, Smith-Lemli-Opitz syndrome, Pallister-Hall syndrome, and velocardiofacial syndrome. 1, 6 The prognosis for patients with alobar HPE is generally poor, as most children do not survive beyond early infancy. 1 We present a new case of alobar HPE with cebocephaly in an infant who was born to a mother with uncontrolled type 1 diabetes mellitus.
Case report
The Pediatric Otorhinolaryngology service at the Mayo Clinic in Rochester, Minn., was consulted to manage the airway of a 1,920-g twin girl of Somali descent who was born at 35 weeks and 6 days. The infant was born with alobar HPE and cebocephaly (figure 1) to a mother who had uncontrolled type 1 diabetes mellitus. An emergency cesarean delivery was necessary secondary to a breech presentation, polyhydramnios, and intrauterine growth retardation. The alobar HPE and polyhydramnios had been detected by antenatal ultrasonography. The patient ENT-Ear, Nose & Throat Journal  April/May 2013 was intubated at birth and found to have an intact respiratory drive. Bedside flexible fiberoptic endoscopy and computed tomography (CT) identified bony choanal atresia. Findings on chromosome analysis were normal, and the patient's twin sister was normal.
A care conference was arranged with the parents that included the relevant consulting services (neonatal medicine, neurology, pediatric otorhinolaryngology, and medical genetics) in order to elucidate the goals of care. The parents' goals were to bring their child home, and they wished that everything be done toward that end. Choanal atresia repair and tracheostomy were discussed with regard to airway management. The parents' wish was to attempt the choanal atresia repair first, with the understanding that if it was unsuccessful, tracheostomy tube placement would likely be required in order for the infant to leave the hospital.
On day of life (DOL) 6, an attempt was made to surgically open the atretic plate via a combined transoral and transnasal approach (figure 2). However, after the plate was partially opened, significant bleeding was encountered, which made visualization difficult, and the procedure was aborted. Follow-up CT and magnetic resonance imaging (MRI) did not detect any intracranial hemorrhage or vascular injury. However, magnetic resonance angiography (MRA) showed that the internal carotid arteries did not follow a typical cavernous course, but rather they ascended to the midline at the level of a hypoplastic sella turcica, where they fused with a short-segment azygos anterior cerebral trunk (figure 3).
Tracheostomy tube placement was then discussed with the family, and it was performed on DOL 12. On DOL 61, the patient was returned to the operating room for routine airway evaluation, and the atretic plate was reexamined with a 120° nasopharyngoscope. Mucosa was removed from the area of the vomer accessed from the nasopharyngeal side. A small indentation was visualized in the midline, and it was explored with the tip of an 8 Fr urethral sound, creating a depth of 2 to 3 mm. The sound was then passed transnasally, and it ultimately penetrated the bony plate. The opening was dilated to 16 Fr, and a stent was fashioned from a 3.0 Portex endotracheal tube; the stent was placed temporarily until a formal choanal atresia repair could be undertaken ( figure 4) .
A formal choanal atresia repair was performed on DOL 97. The stent was removed (figure 5, A), and the remaining bony plate and soft tissue were taken down with a combination of drilling and powered sinus surgery instrumentation ( figure 5, B ). Mitomycin C at 1 mg/ ml was applied transnasally on cotton carriers in two applications of 1 minute each. A stent was fashioned from a 4.0 Portex endotracheal tube and secured. The stent was removed on postoperative day 14, revealing The patient was able to be discharged from the hospital at 6 months of age with tracheostomy and gastrostomy tubes in place and seizures under control. Evaluation of the choanal atresia repair prior to discharge revealed a stable, widely patent nasal airway ( figure 5, D) .
The patient did well at home with the tracheostomy tube until she experienced an upper respiratory infection at the age of 9 months. She was brought to the emergency room in respiratory distress and severe hypoxemia (her oxygen saturation levels were in the range of 40 to 50%), which required high positive pressure ventilation. She developed bradycardia, hypotension, metabolic derangements, and eventually pulseless electrical activity. Resuscitation efforts were unsuccessful, and she died. Autopsy findings were consistent with acute respiratory distress syndrome and pneumonia.
Discussion
Alobar HPE with cebocephaly has rarely been reported in live newborns. Cebocephaly appears to generally be associated with alobar HPE. 1 It is possible to diagnose HPE prenatally with twoand three-dimensional ultrasonography. One series from Taiwan showed that the incidence of alobar HPE diagnosed by ultrasonography was 1 in 415, which is significantly higher than the incidence reported at birth. 7 However, the authors did note that many of these cases ended in spontaneous abortion and that their study was conducted at a tertiary care center to which many of these cases were likely referred.
The ability to diagnose HPE prenatally can allow for proper counseling of parents, who may consider genetic studies and/or termination of the pregnancy given the poor prognosis associated with severe forms of HPE. In our case, one could have given consideration to maintaining the infant on placental circulation after elective cesarian delivery until an airway could be established. However, prenatal ultrasonography did not demonstrate any anatomy that would be consistent with a difficult airway, and thus the Pediatric Otorhinolaryngology service was not consulted prenatally.
Our patient was born via an emergency cesarian delivery, and she was intubated on the first attempt shortly after birth when she showed signs of bradycardia and respiratory distress. The single nostril and choanal atresia were not diagnosed prenatally, and the need for intubation at birth was not predicted prenatally.
Beyond the surgical considerations of this case, it was the medical decision-making process that most challenged us as clinicians. Given our understanding of the outcomes of alobar holoprosencephaly, 1 the initial consensus among our team of physicians was that this was a case of medical futility, and that proceeding with the above-described surgical procedures could have been considered unethical. Not surprisingly, the parents of this child reached a much different conclusion, consistently expressing their belief that surgical intervention was not only appropriate but also necessary for their daughter. Such physician-parent asynchrony is well documented in the neonatal literature, albeit with regard to decision making at the limit of viability.
Parents regard more highly the quality of a disabled child's life than do physicians, 8 and they are far more likely to make every attempt to save a child's life at birth, irrespective of that child's condition. 9 While this child was not born at the limit of viability, she shared with those neonates a low likelihood of intact survival, which suggests to us a basis for our initial disagreement with the parents.
Many formal discussions were held with the parents in the weeks before surgery. During these discussions, outcomes, options, and opinions were shared by all members of the healthcare team. It was through these meetings that we came to realize that in order for us to act most ethically in this case, we must adhere to two basic tenets of medical ethics: autonomy and beneficence. 10, 11 Parental autonomy may be assumed when parents make a voluntary decision as a rational response to the information provided to them by the healthcare team. 10 Clearly, this was true in this case. The parents understood very well the likely outcome of their daughter's diagnosis and the implications of surgery. Likewise, from the parents' perspective, life-prolonging surgery was clearly beneficial; it would allow her to join her family at home, albeit with risks. After working with the family to learn their goals of care, the medical teams involved were confident that proceeding with surgery was ethically appropriate. Thus an ethics consult, while available, was not called. Our review of the English-language literature found 19 reported cases of alobar HPE and cebocephaly. 2, 6, [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] All but 2 of these cases ended with either pregnancy terminations (spontaneous or elective), stillbirths, or death shortly after birth. Of the 2 cases, 1 infant died at 7 days, 15 and the other underwent choanal atresia repair but died of sepsis and respiratory failure on postoperative day 4. 2 It is unclear from the latter report exactly how old that infant was, but the death appeared to be fairly close to birth. To the best of our knowledge, our patient survived longer (9 mo) than any other infant with alobar HPE and cebocephaly whose case has been reported in the literature.
As newborns are obligate nasal breathers, options for airway management in such cases include intubation with mechanical ventilation, oral airway insertion if tolerated, choanal atresia repair, and tracheostomy. In our patient, tracheostomy tube placement allowed the patient to wean off mechanical ventilation and go home with her parents. Although the choanal atresia was repaired, the patient remained tracheostomy-tube-dependent. Decisions regarding such patients should be made in a collaborative, multidisciplinary fashion, with special attention paid to the primary caregivers' goals of care. 
